Cone beam computed tomography (CBCT) imaging is a key step in image guided radiation therapy (IGRT) to improve tumor targeting. The quality and imaging dose of CBCT are two important factors. However, X-ray scatter in the large cone beam field usually induces image artifacts and degrades the image quality for CBCT. A synchronized moving grid (SMOG) approach has recently been proposed to resolve this issue and shows great promise. However, the SMOG technique requires two projections in the same gantry angle to obtain full information due to signal blockage by the grid. This study aims to develop an inter-projection interpolation (IPI) method to estimate the blocked image information. This approach will require only one projection in each gantry angle, thus reducing the scan time and patient dose. IPI is also potentially suitable for sparse-view CBCT reconstruction to reduce the imaging dose. To be compared with other state-of-the-art spatial interpolation (called inpainting) methods in terms of signal-to-noise ratio (SNR) on a Catphan and head phantoms, IPI increases SNR from 15.3dB and 12.7dB to 29.0dB and 28.1dB, respectively. The SNR of IPI on sparse-view CBCT reconstruction can achieve from 28dB to 17dB for undersample projection sets with gantry angle interval varying from 1 to 3 degrees for both phantoms.
Introduction
In recent years, on board cone beam computed tomography (CBCT) has been developed as an important imaging modality in image guided radiation therapy (IGRT) [1] . In IGRT, CBCT is performed before radiation delivery with a patient holding a treatment position similar to the position when the simulation/planning computed tomography (CT) was taken [2] . The CBCT image is then registered with the simulation CT, and the patient's treatment position is adjusted and aligned according to the registration to ensure a precise radiation dose delivery [3] . The image quality of CBCT is critical, especially for cancer treatments requiring high accurate dose delivery. Also, the imaging dose is another important factor due to the frequent CBCT scans because radiation therapy usually requires 30-40 fractions of treatments.
Unfortunately, CBCT image quality is largely degraded by scatter artifacts because a large volume of the imaging object is irradiated for each projection [4] . Many approaches have been proposed to reduce the scatter artifacts and improve the CBCT image quality. Among them, the synchronized moving grid (SMOG) [5, 6] is one of the most promising techniques. The SMOG approach utilizes a grid to divide the large cone beam field into multiple small narrow strips, and thus reduce the amount of scatter. In addition, the remaining scatter can be measured and thus be corrected by the shadow regions blocked by the grid. However, the imaging information in these shadow regions is also blocked by the grid (Fig.1(b) and Fig.2(b) ). The SMOG approach resolves this issue by acquiring two complementary projections at each gantry angle (a linear accelerator is mounted on the gantry and the gantry angle is the rotation angle of the gantry) to obtain full information by shifting the grid a proper distance before taking the second projection. The SMOG approach may also potentially reduce the image laginduced artifacts [5] . However, the SMOG approach is technically challenging since it requires a fast moving grid, especially for fast gantry rotation. More importantly, the CBCT control system needs to be redesigned completely with a capacity of taking at least two projections at the same gantry angle. This may increase the scan time and dose due to the limitation of the frame rate of the flat panel imager.
This study aims to derive the blocked information without taking an additional projection; thus, it may also reduce the imaging dose by half. Approaches based on total variance (TV) [7] have been proposed, but usually these TV-based methods are time-consuming due to iteratively repeated projection calculations. An efficient method would be interpolation. The interpolation process is called image inpainting which is used in the field of computer vision for old picture repairing. The inpainting technique could be roughly classified into several groups: 1) texture synthesis-based [8], 2) partial differential equation (PDE)-based [9], 3) exemplar-based [10] and 4) hybrid [11] . Texture synthesis-based inpainting uses similar unblocked neighbourhoods of the blocked pixels to synthesize the missing texture in blocked regions. PDE-based inpainting iteratively perfuses and propagates the information of unblocked pixels at the border of blocked regions in the direction of minimal change using 'isophote lines'. Exemplar-based inpainting selects the most similar patches from unblocked regions and pastes them back to blocked regions. Hybrid-based inpainting is a combination of the above methods. Although the inpainting starts to be used in fan-beam CT reconstruction [12], most of the above methods lack CBCT imaging geometric model restrictions. Thus, these inpainting results are very hard to validate and some artifacts are generated, as shown in the Results section. Generally, it is impossible to recover complete information in the blocked regions with inpainting.
In this study, we propose an inter-projection interpolation (IPI) method, which utilizes two adjacent projections as references and extracts groups of
